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FIG. 5 (PRIOR ART) 
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FIG. 8 (PRIOR ART) 
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NONVOLATILE SEMICONDUCTOR MEMORY 
DEVICE AND MANUFACTURING METHOD 

THEREOF 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a nonvolatile semi 
conductor memory device and manufacturing method 
thereof, and more particularly, to a ?ash memory device and 
manufacturing method thereof. 

[0003] 2. Description of the Related Art 

[0004] Flash memory devices are classi?ed generally as 
read only memory (ROM), and unlike random access 
memory (RAM) devices, they have non-volatility in Which 
data stored in a memory cell can be retained When the poWer 
supply is removed. Flash memory devices also alloW for 
high integration, so they are Widely used in computer 
memory cards, etc. Unit cells of ?ash memory devices have 
basically the same structure as memory cells of other 
programmable ROM devices such as erasable program 
mable ROM (EPROM) or electrically erasable program 
mable ROM (EEPROM). Each unit cell of a ?ash memory 
device includes a cell transistor, that is, a tunnel oXide layer, 
a ?oating gate electrode, an intergate dielectric layer, and a 
control gate, Which serves as a Word line, all of Which are 
sequentially stacked on a channel region. 

[0005] FIG. 1 is a plan vieW shoWing the main portion of 
a cell array in a conventional ?ash memory device. FIG. 2 
is a cross sectional vieW taken along line A-A‘ of FIG. 1, 
based on FIGS. 1 and 2D disclosed in Japanese Patent Hei 
6-188431. Referring to FIGS. 1 and 2, a ?eld oXide layer 14 
for isolating an active region, in Which a device is formed, 
as Well as the devices themselves, are formed on a silicon 
substrate 10. Then, a gate oXide layer 12 is interposed to 
form a ?oating gate electrode 16 comprised of polysilicon, 
on top of Which a dielectric layer 23 is interposed to form a 
control gate electrode 24 comprised of polysilicon continu 
ously run in a plurality of memory devices. The dielectric 
layer 23 is, e.g., an oXide-nitride-oXide (ONO) layer having 
tWo oXide layers 18 and 22 sandWiching a nitride layer 20. 

[0006] Referring to FIGS. 1 and 2, a memory device in 
the nonvolatile semiconductor memory device is arranged as 
folloWs. Active regions (not shoWn) of the device eXtend 
parallel to one another betWeen the adjacent ?eld oXide 
layers 14 along the longitudinal direction of the FIG. 1. The 
gate oXide layer 12, Which is formed sufficiently thin to 
permit a charge tunneling, is interposed to form ?oating gate 
electrodes 16 in each unit cell of the memory device in a 
direction perpendicular to the active region The ?oating gate 
electrodes 16 are separated from one another on the ?eld 
oXide layer 14. The dielectric layer 23 is interposed on the 
separated ?oating gate electrode 16 to form the control gate 
24 continuously run in a plurality of unit cells in the same 
direction to the ?oating gate electrode 16. The control gate 
electrode 24 serves as a Word line of the memory device, and 
only tWo Word lines are arranged to cross each ?eld oXide 
layer 14 in FIG. 1. 

[0007] MeanWhile, a bit line (not shoWn) goes over the 
active region, both of Which are electrically connected 
through a contact 28 exposing the surface of the active 
region. A unit cell transistor is formed at the intersecting 
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portion of the control gate electrode 24, Which is a Word line, 
and the active region. Reference numeral 30 denotes a drain 
region, Which is formed in common betWeen adjacent tWo 
unit cells, and reference numeral 32 denotes a source region. 
Reference numeral 26 denotes a separation region Which 
separates the ?eld oXide layers 14 and channel regions, 
respectively. 

[0008] As shoWn in FIG. 2, the ?oating gate electrode 16 
in the nonvolatile ?ash memory device is etched only on the 
?eld oXide layer 14 and separated from the adjacent ?oating 
gate electrodes 16 in the unit cell. The ?oating gate elec 
trodes 16 have the same pattern Within the memory cell of 
the nonvolatile memory device and are repetitively formed 
in each unit cell. The ?oating gate electrodes 16 are formed 

in such a Way as to provide a sufficient coupling ratio The coupling ratio is used for estimating the quantity of 

charges accumulated or removed after having been trans 
mitted from a channel region of the silicon substrate 10 to 
these ?oating gate electrodes 16 via a gate oXide layer 12 by 
quantum-mechanical tunneling in each unit cell transistor. 

[0009] FIG. 3 is a graph of illustrating relationship 
betWeen a space critical dimension (CD) and a coupling 
ratio betWeen adjacent ?oating gate electrodes in a conven 
tional ?ash memory device. A space CD betWeen the adja 
cent ?oating gate electrodes represents a distance betWeen 
adjacent ?oating gate electrodes to be separated from each 
other on the ?eld oXide layer. As the space CD is increased, 
the length of the ?oating gate is reduced, and accordingly, a 
coupling ratio is reduced. Conversely, as the space CD is 
reduced, the length of the ?oating gate is increased and a 
coupling ratio is increased. It can be seen from FIG. 3 that 
a space CD is inversely proportional to coupling ratio. 
Therefore, in order to secure a suf?cient coupling ratio, a 
space CD must be maintained beloW a predetermined value. 

[0010] FIG. 4 illustrates another problem that may occur 
if a space CD betWeen the ?oating gate electrodes is large in 
the conventional nonvolatile ?ash memory device. More 
speci?cally, during the manufacture of a nonvolatile ?ash 
memory device, a gate oXide layer 12 is interposed on a 
substrate 10 to form a ?oating gate electrode 16 pattern, and 
then an intergate dielectric layer 23 is interposed on the 
entire surface of the substrate 10 to form a control gate 
electrode (not shoWn). In this case, in order to remove the 
ONO dielectric layer 23 formed on the sideWalls of the 
?oating gate electrode 16, an etching target is increased, to 
etch and consume the ?eld oXide layer 14 corresponding to 
about a thickness “H2” of the ?oating gate electrode 16 to 
a depth “H3”, e.g., to a thickness of at least 800 

[0011] Thus, as shoWn in FIG. 4, if the space CD “L3” 
betWeen the adjacent ?oating gate electrodes 16, Which are 
electrically separated from each other on the ?eld oXide 
layer 14, is large, a difference betWeen the space CD “L3” 
and a length “L2” corresponding to a ridge portion of the 
?eld oXide layer 14, the thickness of Which is maintained 
uniform as “H1”, is small, so that a margin against mis 
alignment is not suf?ciently provided in a photolithography 
process. For eXample, if misalignment occurs in a photoli 
thography process for forming the ?oating gate electrode 16, 
a position on the ?eld oXide layer 14, in Which a material for 
the ?oating gate electrode 16 is etched, may be located on 
the edges of the ?eld oXide layer 14 deviating from the ridge 
portion thereof. In this case, as described in the foregoing, 
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because the ?eld oxide layer 14 is consumed together in 
etching the ONO dielectric layer 23, the ?eld oxide layer is 
almost removed on the edges thereof having a relatively 
small thickness, Which signi?cantly Weakens isolation. Ref 
erence character “L1” in FIG. 4 denotes a horiZontal dis 
tance of the ?eld oxide layer 14. 

[0012] As described above, in a process of forming a 
?oating gate electrode in a nonvolatile ?ash memory device, 
a reduction in a space CD betWeen ?oating gate electrodes 
is essentially required, for Which the folloWing conventional 
methods have been used. 

[0013] FIGS. 5-11 are cross sectional vieWs shoWing an 
example for a process of forming the ?oating gate electrode 
of the conventional ?ash memory device. Firstly, referring to 
FIG. 5, a ?led oxide layer 14 and a gate oxide layer 12 are 
provided over a substrate 10 comprised of a semiconductor 
material such as silicon using a local oxidation of silicon 
(LOCOS) process Which is Widely knoWn as an isolation 
method. After a ?oating gate electrode material 16 com 
prised of polysilicon, a ?rst silicon nitride layer 40, and a 
?rst polysilicon layer 42 are sequentially formed on the 
entire surface of the substrate 10, a photoresist pattern 44a 
is formed by a usual photolithography technique. 

[0014] Next, as shoWn in FIG. 6, a ?rst polysilicon pattern 
42a is formed by a etching process that uses the photoresist 
pattern 44a as an etching mask, and the residual photoresist 
pattern 44a is then removed as shoWn in FIG. 7. Subse 
quently, as shoWn in FIG. 8, a second polysilicon layer 46 
is provided over the entire surface of the substrate 10, and 
blanket etchback of the second polysilicon layer 46 is 
performed to form second polysilicon spacers 46a on the 
sideWalls of the ?rst polysilicon pattern 42a, as shoWn in 
FIG. 9. Then, using the second polysilicon spacers 46a as an 
etching mask, the exposed ?rst silicon nitride layer 40 is 
etched to form a ?rst silicon nitride pattern 40a. 

[0015] For a subsequent process, a blanket etching process 
is performed to etch the ?oating gate electrode material 16 
exposed by the ?rst silicon nitride pattern 40a. In this case, 
the ?rst polysilicon pattern 42a and the second polysilicon 
spacers 46a, Which remain on the ?rst silicon nitride pattern 
40a, are etched together to leave a ?oating gate electrode 
16a and the ?rst silicon nitride pattern 40a. Next, the ?rst 
silicon nitride pattern 40a is removed by phosphoric acid 
strip, thereby forming the ?nal ?oating gate electrode 16a as 
shoWn in FIG. 11. 

[0016] In the conventional method as above, since the 
second polysilicon spacers 46a are used as an etching mask, 
after development inspection (ADI) space CD measured 
With respect to the photoresist pattern 44a, Which is formed 
after a developing process, is about 0.25 pm. HoWever, after 
cleaning inspection (ACI) space CD, Which is measured 
after forming the ?nal ?oating gate electrode 16a, can be 
signi?cantly reduced, thereby providing a sufficient cou 
pling ratio and a suf?cient process margin for the aforemen 
tioned misalignment. 

[0017] HoWever, the conventional method requires ?ve 
deposition steps and three etching steps from the time When 
the ?oating gate electrode material 16 is formed on the 
substrate 10 underlying the ?eld oxide layer 14 until When 
the ?nal ?oating gate electrode 16a is formed. Thus, the 
processes are so complicated and require a long time, 
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thereby increasing the manufacturing cost to drop a product 
yield rate. Furthermore, as shoWn in FIG. 11, because the 
sideWalls of the ?oating gate electrode 16a separated on the 
?eld oxide layer 14 are made vertical, in subsequent pro 
cesses, i.e.,ONO dielectric layer formation step and an 
etching process, the ?eld oxide layer 14 is consumed to a 
thickness approximately corresponding to a thickness of the 
?oating gate electrode 16a. Thus, as described above, if 
misalignment occurs, there is danger of greatly Weakening 
isolation by the ?eld oxide layer 14. 

[0018] FIGS. 12-15 are cross sectional vieWs shoWing 
another example of a process of forming a ?oating gate 
electrode in the conventional ?ash memory device. Initially, 
referring to FIG. 12, similarly as shoWn in FIG. 5, a ?eld 
oxide layer 54 and a gate oxide layer 52 are formed on a 
substrate 50 comprised of a semiconducting material such as 
silicon by a LOCOS process Which is a Well-knoWn isolation 
technique. After a ?oating gate electrode material 56 com 
prised of polysilicon, an anti-re?ection layer 58 comprised 
of a silicon nitride layer are sequentially formed over the 
entire surface of the substrate 50, a photoresist pattern 60a 
is formed by a usual photolithography technique. 

[0019] Next, as shoWn in FIG. 13, an anti-re?ection 
pattern 58a and the underlying ?oating gate electrode 56a 
are formed by an etching process Which uses the photoresist 
pattern 60a as an etching mask, and the residual photoresist 
pattern 60a is then removed by ashing/strip process. Sub 
sequently, as shoWn in FIG. 14, a third polysilicon layer 62 
is formed on the entire surface of the substrate 50, and then 
as shoWn in FIG. 15, blanket etchback of the third polysili 
con layer 62 is performed to form third polysilicon spacers 
62a along the sideWalls of the ?oating gate electrode 56a. 
Next, if the residual anti-re?ection pattern 58a is removed, 
then the ?oating gate electrode 56a, on the sideWalls of 
Which the third polysilicon spacers 62a are attached, are 
formed. 

[0020] The conventional method above has an advantage 
in that a suf?cient coupling ratio and a suf?cient process 
margin for misalignment can be secured, because a space 
CD betWeen the adjacent ?oating gate electrodes can be 
signi?cantly reduced by using the third polysilicon spacers 
62a. Furthermore, this method can greatly simplify a pro 
cess. HoWever, since a pattern of the ?oating gate electrode 
56a comprised of polysilicon is exposed after it has been 
formed by an etching process, an oxide layer (not shoWn) 
can be formed on the exposed surface. Furthermore, since 
the third polysilicon layer 62 is formed on the oxide layer in 
a subsequent step of FIG. 14, the oxide fence, Which is an 
insulating material, remains on the ?nal ?oating gate elec 
trode 56a, thus deteriorating electrical characteristics such 
as storage capacity of the ?oating gate electrode 56a. 

SUMMARY OF THE INVENTION 

[0021] To address the above limitations, it is an objective 
of the present invention to provide a nonvolatile semicon 
ductor memory device having a shape Which is capable of 
reducing a space critical dimension (CD) betWeen adjacent 
?oating gate electrodes separated on a device isolation layer 
as Well as reducing consumption (etching-aWay) of the 
device isolation layer during etching of a dielectric layer 
formed on the ?oating gate electrode. 

[0022] It is another objective to provide a method of 
manufacturing a nonvolatile semiconductor memory device 
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capable of reducing a space CD between adjacent ?oating 
gate electrodes separated on a device isolation layer by a 
simpli?ed process as Well as reducing consumption of the 
device isolation layer in etching a dielectric layer formed on 
the ?oating gate electrode. 

[0023] Accordingly, in order to achieve the ?rst objective, 
the present invention provides a nonvolatile semiconductor 
memory device that includes a semiconductor substrate, a 
plurality of ?oating gate electrodes separated over the semi 
conductor substrate by interposing a gate insulating layer. 
The ?oating gate electrodes are separated in a device iso 
lation region for isolating a plurality of memory cells 
arranged on the semiconductor substrate, and the end por 
tions of the ?oating gate electrode, Which are separated to 
oppose each other, have a step pattern. 

[0024] The present invention also provides a nonvolatile 
semiconductor memory device that includes a semiconduc 
tor substrate, a plurality of ?oating gate electrodes Which are 
formed separated over the semiconductor substrate, inter 
posing a gate insulating layer. The ?oating gate electrodes 
are separated on a device isolation region for isolating a 
plurality of memory cells arranged on the semiconductor 
substrate, and the end portions of the ?oating gate electrode, 
Which are separated to oppose each other, horiZontally 
eXtend over the surface of the device isolation region, and 
includes projected portions having a rounded step pattern 
and overlying spacers having a round pattern continued from 
the round pattern of the projected portions, Which are 
disposed betWeen the projected portions and the sideWalls of 
the ?oating gate electrode. 

[0025] In order to achieve the second objective, the 
present invention provides a method of manufacturing a 
nonvolatile semiconductor memory device that includes the 
steps of: forming a plurality of device isolation regions on a 
semiconductor substrate; forming a gate insulating layer on 
the entire surface of the semiconductor substrate; forming a 
?oating gate electrode material on the entire surface of the 
resulting material; forming a photoresist pattern on the 
?oating gate electrode material so that a portion of the 
?oating gate electrode material overlying the device isola 
tion region may be eXposed; performing a ?rst etch on the 
?oating gate electrode material to a predetermined depth, 
using the photoresist pattern as an etching mask; forming 
polymer spacers on the etched sideWalls of the photoresist 
pattern and the ?oating gate electrode material; and per 
forming a second etch on the ?oating gate electrode material 
so that the ?oating gate electrode material may be separated, 
using the photoresist pattern and the polymer spacers as an 
etching mask. 

[0026] The present invention also provides a method of 
manufacturing a nonvolatile semiconductor memory device 
that includes the steps of: forming a plurality of device 
isolation regions on a semiconductor substrate; forming a 
gate insulating layer on the entire surface of the semicon 
ductor substrate; forming a ?oating gate electrode material 
on the entire surface of the resulting material; forming an 
anti-re?ection layer on the ?oating gate electrode material; 
forming a photoresist pattern on the ?oating gate electrode 
material so that a portion of the ?oating gate electrode 
material overlying the device isolation region may be 
eXposed; performing a ?rst etch on the ?oating gate elec 
trode material to a predetermined depth, using the photore 
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sist pattern as an etching mask; removing the photoresist 
pattern; forming a spacer material on the resulting material; 
etching back the spacer material to form spacers on the 
sideWalls of the ?oating gate electrode material undergoing 
the ?rst etch; and performing a second etch on the ?oating 
gate electrode material so that the ?oating gate electrode 
material may be separated, using the residual anti-re?ection 
layer and the spacers as an etching mask. 

[0027] The present invention also provides a method of 
manufacturing a nonvolatile semiconductor memory device 
that includes the steps of: forming a plurality of device 
isolation regions on a semiconductor substrate; forming a 
gate insulating layer on the entire surface of the semicon 
ductor substrate; forming a ?oating gate electrode material 
on the entire surface of the resulting material; forming an 
anti-re?ection layer on the ?oating gate electrode material; 
forming a photoresist pattern on the ?oating gate electrode 
material so that a portion of the ?oating gate electrode 
material overlying the device isolation region may be 
eXposed; performing a ?rst etch on the ?oating gate elec 
trode material to a predetermined depth, using the photore 
sist pattern as an etching mask; removing the photoresist 
pattern; forming a conductive material on the entire surface 
of the resulting material; and performing a second etch by 
etching back the conductive material and the underlying 
?oating gate electrode material to separate the ?oating gate 
electrode material from one another. 

[0028] Accordingly, the present invention can realiZe a 
nonvolatile semiconductor memory device Which is capable 
of providing a suf?cient coupling ratio by signi?cantly 
reducing a space CD betWeen adjacent ?oating gate elec 
trodes since the sideWalls of ?oating gate electrode have a 
step or rounded spacer pattern While providing a suf?cient 
process margin so that degradation in isolation due to 
misalignment can be prevented during a photolithography 
process. 

[0029] Furthermore, the present invention can signi? 
cantly reduce a space CD since the sideWalls of a ?oating 
gate electrode material can be formed by a second etching 
process to have a step or round spacer pattern, While 
securing a suf?cient process margin so that degradation in 
isolation due to misalignment can be prevented during a 
photolithography process. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] The above objective(s) and advantages of the 
present invention Will become more apparent by describing 
in detail a preferred embodiment thereof With reference to 
the attached draWings in Which: 

[0031] FIG. 1 is a plan vieW shoWing the main portion of 
a conventional ?ash semiconductor memory device; 

[0032] FIG. 2 is a cross sectional vieW of the conventional 
?ash memory device taken along line A-A‘ of FIG. 1; 

[0033] FIG. 3 is a graph shoWing the relationship betWeen 
a space critical dimension (CD) betWeen the ?oating gate 
electrodes of the conventional ?ash memory device, and a 
coupling ratio; 

[0034] FIG. 4 illustrates a problem associated With a large 
space CD betWeen the ?oating gate electrodes in the con 
ventional ?ash memory device; and 
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[0035] FIGS. 5-11 are cross sectional views showing a 
process of forming the ?oating gate electrode of the con 
ventional ?ash memory device; 

[0036] FIGS. 12-15 are cross sectional vieWs showing 
another process of forming the ?oating gate electrode of the 
conventional ?ash memory device; 

[0037] FIGS. 16-19 are cross sectional vieWs shoWing a 
process of forming a ?oating gate electrode of a ?ash 
memory device according to a ?rst embodiment of the 
present invention; 

[0038] FIGS. 20-24 are cross sectional vieWs shoWing a 
process of a ?oating gate electrode of a ?ash memory device 
according to a second embodiment of the present invention; 

[0039] FIG. 25 is a cross sectional vieW of a ?oating gate 
electrode manufactured according to a third embodiment of 
the present invention; and 

[0040] FIGS. 26-29 are cross sectional vieWs shoWing a 
process of forming the ?oating gate electrode of the ?ash 
memory device according to the third embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0041] First Embodiment 

[0042] FIGS. 16-19 are cross sectional vieWs taken in the 
direction of a control gate electrode, Which operates as a 
Word line, in a nonvolatile ?ash memory device. In the ?rst 
place, a nonvolatile ?ash memory device according to a ?rst 
embodiment of the present invention Will noW be described 
With reference to FIG. 19. 

[0043] Referring to FIG. 19, a ?eld oxide layer 74 is 
formed at regular intervals. A gate oxide layer 72, Which is 
sufficiently thin so that quantum-mechanical tunneling may 
occur, is formed on a channel region disposed betWeen the 
?eld oxide layers 74. A ?oating gate electrode 76b overlies 
the gate oxide layer 72 and extends over the surface of the 
?eld oxide layer 74 across the gate oxide layer 72 Which is 
formed on the channel region. The sideWalls of the ?oating 
gate electrode 76b extending over the ?eld oxide layer 74 
have a step pattern. An anti-re?ection pattern 78a Which 
remains on the ?oating gate electrode 76b is removed in a 
subsequent process. 

[0044] Since the sideWalls of each ?oating gate electrode 
76b are of a step pattern, it can be seen that a space critical 
dimension (CD) is signi?cantly reduced. The speci?c 
numerical value relates to a design matter, but for example, 
considering the coupling ratio of a ?oating gate electrode 
available from the graph of FIG. 3, the space CD is less than 
or equal to 0.12 pm, preferably, in the range of 0.06-0.12 pm. 
The ?oating gate electrode 76b is composed of a conductive 
material such as polysilicon, and after removal of the 
anti-re?ection pattern 78a remaining on the ?oating gate 
electrode 76b, an oxide-nitride-oxide (ONO) layer, Which is 
a dielectric layer, and a control gate electrode (not shoWn) 
are further provided. The step pattern in the end portions of 
the ?oating gate electrode 76b can be formed to substantially 
half the overall thickness thereof, but this also pertains to a 
design matter. For example, if the overall thickness of the 
?oating gate electrode 76b is 2,000 A, then the thickness of 
the step may be in the range of about 300-500 
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[0045] Next, a process of forming the ?oating gate elec 
trode in the nonvolatile ?ash memory device according to 
the ?rst embodiment of the invention Will noW be described 
With reference to FIGS. 16-19. Referring to FIG. 16, a ?eld 
oxide layer 74 and a gate oxide layer 72 are formed on a 
substrate 70 comprised of a semiconducting material such as 
silicon, using a selective oxidation technique, namely, a 
local oxidation of silicon (LOCOS) process. Subsequently, a 
?oating gate electrode material 76a comprised of polysili 
con, an anti-re?ection layer comprised of silicon nitride 
layer, and a photoresist layer are sequentially provided over 
the entire surface of the substrate 70. Next, a photoresist 
pattern 80a is formed through exposure and a developing 
process by a usual photolithography technique. Using the 
photoresist pattern 80a as an etching mask, an etching 
process is performed to partially etch aWay portions of the 
exposed anti-re?ection layer and the ?oating gate electrode 
material, thereby forming an anti-re?ection pattern 78a and 
a ?rst ?oating gate electrode pattern 76a. In this case, a ?rst 
etch removes the ?oating gate electrode material to be 
partially etched to substantially half the overall thickness 
thereof, but the etching amount is not restricted to this and 
may be above or beloW this. 

[0046] Next, referring to FIG. 17, a usual polymer for 
mation process is performed in a polymer formation atmo 
sphere, e.g., Within a process chamber containing a ?uorine 
gas, to form polymer spacers 82a on the sideWalls of the 
photoresist pattern 80a, antire?ection pattern 78a, and the 
?rst ?oating gate electrode pattern 76a Which is partially 
etched. The thickness of the polymer spacers 82a become a 
critical factor in determining the siZe of a space CD betWeen 
?oating gate electrodes in a subsequent process, and the 
thickness of the polymer spacers 82a can be controlled 
depending on the reaction time in the polymer formation 
process. 

[0047] Next, referring to FIG. 18, using the photoresist 
pattern 80a and the polymer spacers 82a formed on the 
sideWalls of the photoresist pattern 80a as an etching mask, 
a second etch is performed on the exposed ?rst ?oating gate 
electrode pattern 76a to expose the ?eld oxide layer 74 and 
to form a separate ?oating gate electrode 76b. 

[0048] Referring to FIG. 19, the photoresist pattern 80a, 
Which serves as the etching mask, the anti-re?ection pattern 
78a, and the polymer spacers 82a are removed to form a 
?oating gate electrode 76b, the sideWalls of Which are of a 
step pattern. Subsequently, although it is not shoWn, after 
forming a dielectric layer and a conductive material for 
forming a control gate electrode over the entire surface of 
the substrate 70, subsequent processes for forming a non 
volatile ?ash memory device are performed. 

[0049] Second Embodiment 

[0050] FIGS. 20-24 are cross sectional vieWs shoWing a 
process of forming a ?oating gate electrode of a ?ash 
memory device according to a second embodiment of the 
present invention. Like the ?rst embodiment, the ?gures are 
sectioned in the direction of a control gate electrode, Which 
is a Word line, in a nonvolatile ?ash memory device. The 
same elements as shoWn in the ?rst embodiment are denoted 
by the same reference numerals, and a detailed description 
Will be omitted. At the outset, the nonvolatile ?ash memory 
according to the second embodiment of the present inven 
tion Will noW be described With reference to FIG. 24. 



US 2001/0015454 A1 

[0051] Referring to FIG. 24, a ?oating gate electrode 76b 
has the same structure as that shown in FIG. 19 associated 
With the ?rst embodiment, and an ONO dielectric layer 83a 
and a control gate electrode 85a are sequentially formed on 
the ?oating gate electrode 76b. The length of a step pattern 
formed at the end portions of the sideWalls of the ?oating 
gate electrode 76b is controlled differently from the ?rst 
embodiment, and the description Will be given later. Next, a 
process of forming the ?oating gate electrode in the non 
volatile ?ash memory device according to the second 
embodiment of the invention Will noW be described With 
reference to FIGS. 20-24. 

[0052] Referring to FIG. 20, as has been shoWn in FIG. 
16, after a photoresist pattern 80a is formed on an anti 
re?ection layer, using the photoresist pattern 80a as an 
etching mask, an etching process is performed to the 
exposed anti-re?ection layer and a portion of the ?oating 
gate electrode material to form an anti-re?ection pattern 78a 
and a ?rst ?oating gate electrode pattern 76a. HoWever, 
unlike the ?rst embodiment, the photoresist pattern 80a is 
removed at this point by a ashing/strip process. 

[0053] Next, referring to FIG. 21, a second silicon nitride 
layer 84 of nitride series is formed on the entire surface of 
the substrate 70 from Which the photoresist pattern 80a has 
been removed. The second silicon nitride layer 84, Which 
serve as spacers in a subsequent process, is formed to a 
thickness of at least 100 A, although the thickness can very 
according to design application. Here, a nitride-series layer 
is used because the anti-re?ection pattern 78a comprised of 
a nitride series material is stripped together With the second 
silicon nitride layer 84 by phosphoric acid. If spacers are 
formed using an oxide-series layer instead of the second 
silicon nitride layer 84, there is a danger of causing degra 
dation in isolation since the exposed ?eld oxide layer 74 is 
stripped together When removing the oxide spacers by a 
subsequent process. 

[0054] For a subsequent process, referring to FIG. 22, 
blanket etchback is performed on the second silicon nitride 
layer 84 to form second silicon nitride, spacers 84a on the 
sideWalls of the anti-re?ection pattern 78, folloWed by an 
etching process. Referring to FIG. 23, the exposed ?rst 
?oating gate electrode pattern 76a is etched aWay using the 
anti-re?ection pattern 78a and the second silicon nitride 
spacers 84a as an etching mask to separate the ?rst ?oating 
gate electrode 76b. Next, as previously described, if the 
anti-re?ection pattern 78a and the second silicon nitride 
spacer 84a are removed by a phosphoric acid strip process, 
then the ?oating gate electrode 76b is formed as shoWn in 
FIG. 24. Next, after forming a dielectric layer 83a and a 
conductive material for forming a control gate electrode 85a 
on the entire surface of substrate 70, subsequent processes 
for forming a nonvolatile ?ash memory device are per 
formed. 

[0055] In the second embodiment, unlike the ?rst embodi 
ment, the thickness of spacers is determined depending on 
the thickness of the second silicon nitride layer 84, Which in 
turn becomes a critical factor for determining the siZe of a 
space CD betWeen the ?oating gate electrodes 76b in a 
subsequent process. 

[0056] FIG. 25 is a cross sectional vieW of a ?oating gate 
electrode of a ?ash memory device manufactured according 
to a modi?ed example of the ?rst and second embodiments 
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of the present invention, Wherein the ?oating gate electrode 
has a structure in Which the ?oating gate electrode is 
separated on a trench oxide layer 94 having a shalloW trench 
isolation (STI) structure. Referring to FIG. 25, a trench 
oxide layer 94 is formed on the surface of a semiconductor 
substrate 90 at regular intervals as a device isolation layer, 
and a gate oxide layer 92, Which is suf?ciently thin so as to 
permit a quantum-mechanical tunneling, is formed on a 
channel region positioned betWeen the adjacent trench oxide 
layers 94. A ?oating gate electrode 76c overlying the gate 
oxide layer 92 extends over the surface of the trench oxide 
layer 94 across the gate oxide layer 92 formed on the 
channel region. The sideWalls of the ?oating gate electrode 
extending over the surface of the trench oxide layer 94 have 
a step pattern. On the ?oating gate electrode 76c are sequen 
tially formed an ONO dielectric layer 83b and a control gate 
electrode 85b. 

[0057] The ?oating gate electrode 76c shoWn in FIG. 25 
is similar in the ?rst and second embodiments, but it has an 
advantage in that the trench oxide layer is used to provide a 
suf?cient process margin for misalignment. 

[0058] Third Embodiment 

[0059] FIGS. 26-29 are cross sectional vieWs shoWing a 
process of a ?oating gate electrode of a ?ash memory device 
according to a third embodiment of the present invention. 
Like the ?rst and second embodiments, the ?gures are taken 
in the direction of a control gate electrode, Which is a Word 
line, in a nonvolatile ?ash memory device. Furthermore, the 
third embodiment uses the trench oxide layer 94 as a device 
isolation layer as shoWn in FIG. 25, and the same elements 
as shoWn in FIG. 25 are denoted by the same reference 
numerals, and a detailed description Will be omitted. Ini 
tially, the nonvolatile ?ash memory according to the third 
embodiment of the present invention Will noW be described 
With reference to FIG. 29. 

[0060] Referring to FIG. 29, a ?oating gate electrode 
76d+86a have a different pattern from that described in 
association With the ?rst and second embodiments. More 
speci?cally, the ?oating gate electrode 76d+86a in the 
nonvolatile ?ash memory device according to the third 
embodiment is separated on a trench oxide layer 94 Which 
is a device isolation region for isolating a plurality of 
memory cells arranged on a semiconductor substrate 90. The 
end portions of the ?oating gate electrode 76d+86a, Which 
are separated to oppose each other, are not of a step pattern 
like the ?rst and second embodiments. The end portion 
horiZontally extends over the surface of the trench oxide 
layer 94 from a predetermined height of the ?oating gate 
electrode 76d+86a, and furthermore, consists of a projected 
portion having a rounded step pattern and the overlying 
fourth polysilicon spacer 86a having a round pattern Which 
is disposed betWeen the projected portion and the sideWall of 
the ?oating gate electrode 76d+86a. In this case, the round 
pattern of the fourth polysilicon spacer 86a is continued 
from the round pattern of the projected portions. Thus, the 
overall end portions are of a round pattern. An ONO 
dielectric layer 83c and a control gate electrode 85c are 
sequentially formed on the ?oating gate electrode 76d+86a. 

[0061] Next, a process of forming the ?oating gate elec 
trode in the nonvolatile ?ash memory device according to 
the third embodiment of the present invention Will noW be 
described With reference to FIGS. 26-29. Referring to FIG. 
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26, as has been shown in FIG. 25, a ?oating gate electrode 
material and an anti-re?ection layer are sequentially formed 
on a trench oxide layer 94 and a gate oxide layer 92, and a 
photoresist pattern (not shoWn) is then formed. Using the 
photoresist pattern as an etching mask, an etch process is 
performed to etch the exposed the anti-re?ection layer and 
a portion of the ?oating gate electrode material to form an 
anti-re?ection pattern 78a and a ?rst ?oating gate electrode 
pattern 76a. Then, the photoresist pattern is removed by an 
ashing/strip process. 

[0062] Subsequently, referring to FIG. 27, a fourth poly 
silicon layer 86 is formed on the entire surface of the 
semiconductor substrate 90 from Which the photoresist 
pattern has been removed. Then, referring to FIG. 28, after 
blanket etchback of the fourth polysilicon layer 86, the ?rst 
?oating gate electrode pattern 76a is separated to form a 
?oating gate electrode 76d+86a. In this case, the end por 
tions of thus separated ?oating gate electrode 76d+86a have 
a rounded spacer pattern. More particularly, the end portion 
originating from the ?rst ?oating gate electrode pattern 76a 
consists of a rounded projected portion and the overlying 
rounded spacer. The round pattern of the spacer originating 
from the fourth polysilicon layer 86 is continued from the 
projected portion. In the third embodiment, a space CD 
betWeen the adjacent ?oating gate electrodes 76d+86a is 
controlled by adjusting the thickness of the fourth polysili 
con layer 86. 

[0063] Next, if the residual anti-re?ection pattern 78a is 
removed by a phosphoric acid strip, then a ?oating gate 
electrode is formed as shoWn in FIG. 29. FolloWing this, 
although it is not shoWn, a dielectric layer 83c and a 
conductive material for forming a control gate electrode 85c 
are formed on the entire surface of the semiconductor 
substrate 90, and then the subsequent processes for forming 
a nonvolatile ?ash memory device are performed. 

[0064] The illustrated embodiments are only examples, 
and it Will be understood by those skilled in the art that 
various changes in form and details such as quality of 
material, numerical value, deposition or etching technique 
for each element, may be made therein. 

[0065] The present invention reduces a space CD betWeen 
adjacent ?oating gate electrodes to provide a suf?cient 
coupling ratio, While realiZing a ?oating gate electrode by a 
simple process. In this case, the end portion of the ?oating 
gate electrode has a step or round pattern so that consump 
tion of a device isolation layer can be reduced in etching a 
dielectric layer formed on the ?oating gate electrode. Fur 
thermore, the present invention can freely control a space 
CD betWeen adjacent ?oating gate electrodes, While pre 
venting an oxide fence Within the ?oating gate electrode 
Which the conventional method have to improve reliability 
of a device. 

What is claimed is: 
1. A nonvolatile semiconductor memory device compris 

ing: 

a semiconductor substrate; and 

a plurality of ?oating gate electrodes separated over the 
semiconductor substrate by interposing a gate insulat 
ing layer; 
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Wherein the ?oating gate electrodes are separated in a 
device isolation region for isolating a plurality of 
memory cells arranged on the semiconductor substrate, 
and Wherein the end portions of the ?oating gate 
electrode, Which are separated to oppose each other, 
have a step pattern. 

2. The nonvolatile semiconductor memory device of 
claim 1, Wherein the device isolation region is a ?eld oxide 
layer. 

3. The nonvolatile semiconductor memory device of 
claim 1, Wherein the device isolation region has a shalloW 
trench isolation structure. 

4. The nonvolatile semiconductor memory device of 
claim 1 further comprising a plurality of control gate elec 
trodes formed on the ?oating gate electrodes by interposing 
a dielectric layer, and Wherein the dielectric layer is an 
oxide-nitride-oxide layer. 

5. The nonvolatile semiconductor memory device of 
claim 1, Wherein a space critical dimension betWeen the 
adjacent ?oating gate electrodes Which are separated on the 
device isolation region is in the range of 0.06-0.12 pm. 

6. The nonvolatile semiconductor memory device of 
claim 1, Wherein the step pattern in the end portions of the 
?oating gate electrode is formed at portions corresponding 
to substantially half the overall thickness of the ?oating gate 
electrode. 

7. A nonvolatile semiconductor memory device compris 
mg: 

a semiconductor substrate; and 

a plurality of ?oating gate electrodes laterally separated 
over the semiconductor substrate, interposing a gate 
insulating layer; and 

Wherein the ?oating gate electrodes are separated on a 
device isolation region for isolating a plurality of 
memory cells arranged on the semiconductor substrate, 
and Wherein the end portions of the ?oating gate 
electrode, Which are separated to oppose each other, 
horiZontally extend over the surface of the device 
isolation region, and include projected portions having 
a rounded step pattern and overlying spacers having a 
rounded pattern continued from the rounded pattern of 
the projected portions, Which are disposed betWeen the 
projected portions and the sideWalls of the ?oating gate 
electrode. 

8. The nonvolatile semiconductor memory device of 
claim 7, Wherein the device isolation region is a ?eld oxide 
layer. 

9. The nonvolatile semiconductor memory device of 
claim 7, Wherein the device isolation region has a shalloW 
trench isolation structure. 

10. The nonvolatile semiconductor memory device of 
claim 7, further comprising a plurality of control gate 
electrodes formed over the ?oating gate electrodes interpos 
ing a dielectric layer; Wherein the dielectric layer is an 
oxide-nitride-oxide layer. 

11. The nonvolatile semiconductor memory device of 
claim 7, Wherein a space critical dimension betWeen the 
adjacent ?oating gate electrodes Which are separated on the 
device isolation region is in the range of 0.06-0.12 pm. 

12. The nonvolatile semiconductor memory device of 
claim 7, Wherein the projected portions in the end portions 
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of the ?oating gate electrode are formed at portions corre 
sponding to substantially half the overall thickness of the 
?oating gate electrode. 

13. The nonvolatile semiconductor memory device of 
claim 7, Wherein the projected portions and the spacers of 
the ?oating gate electrode are comprised of the same con 
ductive material. 

14. The nonvolatile semiconductor memory device of 
claim 7, Wherein the projected portions and the spacers of 
the ?oating gate electrode are comprised of polysilicon. 

15. The nonvolatile semiconductor memory device of 
claim 7, Wherein the projected portions and the spacers of 
the ?oating gate electrode are comprised of different con 
ductive materials. 

16. A method of manufacturing a nonvolatile semicon 
ductor memory device, the method comprising the steps of: 

forming a plurality of device isolation regions on a 
semiconductor substrate; 

forming a gate insulating layer on the entire surface of the 
semiconductor substrate; 

forming a ?oating gate electrode material on the entire 
surface of the resulting material; 

forming a photoresist pattern on the ?oating gate elec 
trode material so that a portion of the ?oating gate 
electrode material overlying the device isolation region 
is eXposed; 

performing a ?rst etch on the ?oating gate electrode 
material to a predetermined depth, using the photoresist 
pattern as an etching mask; 

forming polymer spacers on the etched sideWalls of the 
photoresist pattern and the ?oating gate electrode mate 
rial; and 

performing a second etch on the ?oating gate electrode 
material so that the ?oating gate electrode material is 
separated, using the photoresist pattern and the polymer 
spacers as an etching mask. 

17. The method of claim 16, further comprising the steps 
of: 

removing the photoresist pattern and the polymer spacers 
after performing the second etch on the ?oating gate 
electrode material; 

forming a dielectric layer on the resulting material; and 

forming a control gate electrode material on the dielectric 
layer. 

18. The method of claim 16, before forming the photo 
resist pattern, further comprising the step of forming an 
anti-re?ection layer on the ?oating gate electrode material, 

Wherein the photoresist pattern is formed so that a portion 
of the anti-re?ection layer on the device isolation 
region is eXposed. 

19. The method of claim 16, Wherein the device isolation 
region is a ?eld oXide layer. 

20. The method of claim 16, Wherein the device isolation 
region has a shalloW trench isolation structure. 

21. The method of claim 16, Wherein the ?rst etch step on 
the ?oating gate electrode material is performed to substan 
tially half the overall thickness of the ?oating gate electrode. 

22. The method of claim 16, Wherein the side thickness of 
the polymer spacers is controlled so that a space critical 
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dimension betWeen the adjacent ?oating gate electrode 
materials Which are separated on the device isolation region 
is in the range of 0.06-0.12 pm. 

23. The method of claim 17, Wherein the dielectric layer 
is an oXide-nitride-oXide layer. 

24. A method of manufacturing a nonvolatile semicon 
ductor memory device, the method comprising the steps of: 

forming a plurality of device isolation regions on a 
semiconductor substrate; 

forming a gate insulating layer on the entire surface of the 
semiconductor substrate; 

forming a ?oating gate electrode material on the entire 
surface of the resulting material; 

forming an anti-re?ection layer on the ?oating gate elec 
trode material; 

forming a photoresist pattern on the ?oating gate elec 
trode material so that a portion of the ?oating gate 
electrode material overlying the device isolation region 
is eXposed; 

performing a ?rst etch on the ?oating gate electrode 
material to a predetermined depth, using the photoresist 
pattern as an etching mask; 

removing the photoresist pattern; 

forming a spacer material on the resulting material; 

etching back the spacer material to form spacers on the 
sideWalls of the ?oating gate electrode material under 
going the ?rst etch; and 

performing a second etch on the ?oating gate electrode 
material so that the ?oating gate electrode material is 
separated, using the residual anti-re?ection layer and 
the spacers as an etching mask. 

25. The method of claim 24, further comprising the steps 
of: 

removing the anti-re?ection layer and the spacers after 
performing the second etch on the ?oating gate elec 
trode material; 

forming a dielectric layer on the entire surface of the 
resulting material; and 

forming a control gate electrode material on the dielectric 
layer. 

26. The method of claim 24, Wherein the ?rst etch step on 
the ?oating gate electrode material is performed to substan 
tially half the overall thickness of the ?oating gate electrode. 

27. The method of claim 24, Wherein the side thickness of 
the polymer spacers is controlled so that a space critical 
dimension betWeen the adjacent ?oating gate electrode 
materials Which are separated on the device isolation region 
is in the range of 0.06-0.12 pm. 

28. The method of claim 24, Wherein the spacer is 
comprised of a silicon nitride- series material. 

29. The method of claim 25, Wherein the anti-re?ection 
layer and the spacers are removed by a phosphoric acid strip. 

30. A method of manufacturing a nonvolatile semicon 
ductor memory device, the method comprising the steps of: 

forming a plurality of device isolation regions on a 
semiconductor substrate; 
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forming a gate insulating layer on the entire surface of the 
semiconductor substrate; 

forming a ?oating gate electrode material on the entire 
surface of the resulting material; 

forming an anti-re?ection layer on the ?oating gate elec 
trode material; 

forming a photoresist pattern on the ?oating gate elec 
trode material so that a portion of the ?oating gate 
electrode material overlying the device isolation region 
is exposed; 

performing a ?rst etch on the ?oating gate electrode 
material to a predetermined depth, using the photoresist 
pattern as an etching mask; 

removing the photoresist pattern; 

forming a conductive material on the entire surface of the 
resulting material; and 

performing a second etch by etching back the conductive. 
material and the underlying ?oating gate electrode 
material to separate the ?oating gate electrode material 
from one another. 
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31. The method claim 30, further comprising the steps of: 

removing the anti-re?ection layer after performing the 
second etch on the ?oating gate electrode material; 

forming a dielectric layer on the entire surface of the 
resulting material; and 

forming a control gate electrode material on the dielectric 
layer. 

32. The method of claim 30, Wherein the ?rst etch step on 
the ?oating gate electrode material is performed to etch 
substantially half the overall thickness of the ?oating gate 
electrode. 

33. The method of claim 30, Wherein the thickness of the 
conductive material is controlled so that a space critical 
dimension betWeen the adjacent ?oating gate electrode 
materials Which are separated on the device isolation region 
is in the range of 0.06-0.12 pm. 

34. The method of claim 30, Wherein the conductive 
material is the same as the ?oating gate electrode material. 

35. The method of claim 30, Wherein the conductive 
material is different from the ?oating gate electrode material. 

* * * * * 


